ABSTRACT
INTRODUCTION
As MOSFETs are scaled to nanometer dimensions, various short channel effects such as DIBL, V T roll-off, sub 60mV/decade subthreshold swing etc are coming into picture. Subthreshold swing can not be scaled and hence off state characteristics will be degraded [1] . To overcome short channel effects, one needs to design a device which uses other mode of carrier transport so that a lower subthreshold swing can be achieved. The other modes are based on impact ionization [2] and interband tunneling [3] . Sub 60mV/decade value of subthreshold swing is possible for these two modes of carrier transport [4] . The impact ionization MOSFET appeared to be very promising due to its near ideal switching characteristics [5] . But problems like threshold voltage shift caused by hot carrier injection, non-rail to rail voltage swings, and high operating voltage requirements will arise in Impact ionization MOSFETS [2] . However, devices based on these mechanisms fail to meet the ITRS requirements [6] .
Here a hetero gate tunnel FET based on band-to-band tunneling is considered for which a good trade off between SCEs , parasitic fringe capacitance, and parasitic series resistance is achieved [7] - [8] . The fringe capacitance (C f ) for this device includes the inner and outer components. Unlike MOSFET, tunnel FET has asymmetrical source and drain [8] . The gate is extended over the source but gate on the drain side is shorten. This is due to increase the gate coupling i.e to increase the control of gate over the source channel junction. Models for C if and C of for the double MOSFETS are already defined [9] . In nano scale DG MOSFETS the models are defined considering weak inversion and strong inversion of channel [10] . Since tunnel FET operation is completely different from MOSFET, the derivations for inner and outer fringe capacitance is also different. For the first time, the inner and outer components of parasitic fringe capacitance is modelled for tunnel FET. The model is verified by comparing with simulated data for varying silicon layer thickness, oxide thickness, drain voltage, and gate voltage.
In this paper, we report first time the effect of positive bias stress and hot carrier stress on the fringe capacitor of double hetero gate tunnel FET. To simulate this, interface traps (Q IT ) and oxide charges (Q OT ) are introduced with various distributions. The oxide charge is dominant in case of hot carrier stress and the interface traps are dominant in case of positive bias stress [11] .
Device structure and parasitic capacitances
The device is a heterogate dielectric double gate device as shown in Figure. In nchannel mode, tunneling occurs in the source side while in p-channel mode, tunneling occurs in the drain side. An electron inversion layer is created in the channel at the interface with the gate dielectric when a gate voltage greater F V is applied. Tunneling takes place from the source valence band to the conduction band in the inversion layer of the channel [3] . As mentioned, we have used heterogate dielectric. A low-K gate oxide (SiO 2 with dielectric constant 3.9) at the drain side and high-K oxide (HfO 2 with dielectric constant 25) at the tunneling junction are used.
To reduce the ambipolar current at the drain side, low-K gate oxide is used. The EOT of high-K gate oxide is less so it increases the control over the tunneling junction and here tunneling takes place between source and channel [12] . The on current of the device is of the order of mA range and off current is in pico amp range. This agrees with ITRS requirement. The fringe capacitance effect is studied to investigate its effect on drain current. Also, the effect of trap and oxide charges are observed on the fringe capacitance model. Figure. 1. There is a choice to be made between attaining the best characteristics possible by finding the precise alignment of the gate that produces the thin tunnel barrier at on-state, and stabilizing characteristics by overlapping the gate to the source region. There is no gate drain overlapping .Hence, the fringe capacitance at the source side is assumed to be dominant compare to the drain side. In the Fig. 2 , the fringe capacitance of only one gate is shown. The other gate is also symmetric about X direction and having the similar fringing effect.
This paper is organized as follows -first the inner and outer fringe capacitances are modelled. Next the influence of variation of t si ,t ox on fringe capacitance model is compared with simulated data. The effect of fringe capacitance on the total gate capacitance is also observed. The trap and oxide charges are introduced and their effect on fringe capacitance is analyzed. 
PHYSICAL MODEL

Model of of C
Assume outer fringing field is Y directional. Dotted line is showing Gaussian surface. ox t is the oxide thickness, si t is body layer thickness.
( ) 
Using (2) and (3) we get,
Model of if C
Inner fringing field is assumed to be X directional as shown in Figure. 1. Applying Gauss's law we get,
The second term is very small compare to the first term. 
Model of fringe capacitance considering interface traps and oxide charges
To study the reliability performance of double gate tunnel FET, we simulate the fringe capacitance considering various traps and oxide charges. Any traps and/or charge near the tunnelling junction will modify the tunnelling field [13] . 
where C o is the oxide capacitance.
It is already established that both the factor in (11) are nearly independent on V G , leading to parallel shift .A small modification in E may cause a large change in the tunneling current Id. In order to keep a constant I D , the gate voltage V G should be modified [11] . The change in gate voltage induced by interface generation and by oxide charge to keep the drain current constant is given by
is the charge filling factor of traps.
Both the factors in [ ] are nearly independent on V GS . The variation in flat band voltage with respect to gate voltage can be obtained by using (12) and (13).
Result and Discussions
In this paper simulation is done using Synopsys TCAD tools. Band gap narrowing is activated. The device is a hetero gate dielectric double gate Tunnel FET for which fringing capacitance is considered only at the source side since there is no gate drain overlap. In Figure. 2, the variation of body layer thickness on external fringe capacitance is observed. With the increasing t si , C of increases. C if is also increases with t si . The model and the simulated data shows good agreement. But for increasing t si , model becomes less accurate. This is because of neglecting the second term in (6) . The fringe capacitance components are decreasing with the increase of oxide thickness. Hence there is a trade off between oxide thickness and the silicon body layer thickness. Therefore optimized value of silicon layer thickness 15 nm to 20 nm and for tox, the optimized value should lie in-between 2.5 nm to 3 nm to get minimum fringe capacitance C f . The effect of fringe capacitance on the total gate capacitance is shown in Figure. 6. The effect of oxide and trap charge on capacitance voltage characteristic including fringe capacitance is also analyzed and it is observed that C f is a significant speed limiter in double gate technology [14] - [15] . Therefore, C f should be minimized. Using the results of the derived model and simulation shows that the t ox , t si should be optimized.
Here the effect of trap charges and oxide charges are also studied. To realize the effects , we simlulate the electric field under the positive bias stress ( V G = 3.5V, V S = V D = 0) and hot carrier stress ( V G =V D =3.5V, Vs=0). In Figure. 7, I D -V GS characteristics considering Positve bias stress and hot carrier stress (HC) is compared.
The variation of Ey and Ex along the channel are shown in Figure. 8 and Figure. 9 under positive bias stress and HC stress.The peak in the y component of electric field in the source channel junction leading to the fact that P+ doping of source which gives rise to more negative V FB in the source gate overlapping region compared to channel gate region [16] - [18] . Ex peak is also in the source channel junction. Hence Ey peak will induce large interface traps and tunneling charge in the tunneling path and oxide charge is more likely generated under HC stress [11] . Considering the effects of interface traps and oxide charges, the model of fringe capacitance in (5) and (8) are modified. This modified model includes the FB GS dV dV term. The flat band voltage is a function of interface and oxide charges. In Figure. 10, the variation of inner and outer fringe capacitance considering interface trap and oxide charges with the silicon layer thickness is shown. The effect of trap and oxide charge on inner fringe capacitance is almost same. But in case of outer fringe capacitor, the effect of interface trap charge is more compare to oxide charge because Ex exhibits higher value under HC stress.
Figure. 
CONCLUSIONS
In this paper, the degradation in the drain current due to interface trap and/or oxide charges is investigated. For the first time the inner and outer fringe capacitance of a hetero double gate dielectric is modelled and optimized considering the variation of silicon layer thickness and oxide thickness. It is found that optimised value of silicon body thickness is 15 to 20 nm and the same for gate oxide is 2.5 to 3 nm. Also, the effect of trap and oxide charge is analyzed on inner and outer fringe capacitance model and shows degradation in drain current as well as capacitance voltage characteristics. The results obtained could be useful while considering for the reliability issues.
